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ABSTRACT .
4

everal buiiding code ’/requlre airborne
and impact sound ipdulation of Sound
Trangmission Clags C) and Impact Insula-
tion Clags (IIC) (2 5 points higher than
minimum prope standards. This report
describes lab and field data for weoa-frame
party walls and floors well in excess of the
higher requirements. To explain and justity the
high tranamission loss (TL) performance, a
combination of recent !mprovements In ap-
proximate TL theory and lab-fieli technologles
I8 used. This combination proves a powerful
tool in providing new insights into previous
and current data. An abbreviated summary of
these tachnologies is provided in the appen-
_dix.
¢~ Three types of partition design were
studied:

1. Three double-row-oi-stud walls (ab-
sorption in cavities) with gypsum board faces
gave lab STC = 55 to 63 (significantly higher
than some reported data) depending on the
wall thickness and singie or double layers of
gypsum board. Fieid daia {07 ihe STC = 55
design gave an average FSTC = 48, more than
the 5 points bslow lab STC allowed by some
codes.

2. Doubie-row-of-stud walls with center
layers were evaluated In the tield. These walls
parformed well below their potential without a
center layer, as suggested by theory.

3. Lab tests of two floor designs gave
STC = 55 to 58, with the higher value cor-
respording to absorption in the joist cavity.
Field FSTC data were equal or better (by 2
points) showing an unexpected absance of
flanking. Impact sound insulation of the floors
with carpet and pad was In excess of lIC = §5.

Several new conclusions on the
technology of lab-flield correlations are sum-
marized.
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Acoustical Privacy

Noise, like other forms of pollution, con-
tinues to roceive the attention of the public,
Government, and industry. Residential
acousticai privacy i8 no excepiion wners ths
trend to multitarnily dwellings with thelr “party"”
walls and “party” floors continues. Successful
privacy design requires conslideration of the
noise source, the noise path(s), and the
receiver. To illustrate, the noise source is
affected by the personal habits of speech and
movement as well as the pretferred sound
levels for hi-fi and TV. The source Is also
affected by room furnishings and geomaetry.
The noise paths Include not only the perfor-
mance of the instalied party partitions but also
flanking (sound transimission by paths oiher
than directly through the party partition). The
response to intruding noise by a persgn
receiving nolse depends on both personai tac-
tors and the background nolse levels (21,37).2
The recelver ig also affected by his roor fur-
nishings and geomaetry.

Two conditions provide a special
chalienge to acoustical privacy impiementa-
tion. First, the practical considerations of cost
and the intrinsic limits to design typically
provide privacy to about the leve! of a ralsed
voice. Thus, lacking any significant safety fac-
torg, a fallure in any element in the sou: ;e
(nolgsy tenant), path (inadequately Installed
partition and/or poor bullding design), or
receiver (sensitive person, low background
noise) can result In inadequate privacy. Se-

143

cond, when privacy Is inadequate, no speclal
equipment or sensors are required to dJeter-
mine that inadequacy, beyond the hearing of
the occupant. Thus, discomtort and com-
plalnts may resultl.

This study concerns only the path part of
the source-path-receiver sys.sm for potentially
high performeance walls and fioors. Even these
nigher performance partitions do not negate
the need for total privacy design. They may
provide potential tor improved psrformance,
or make the total system less prcone to the oc-
currence of annoyance or even fallure, but
they do not eliminate that possibility.

Critoria and Codes

Important laboratory criteria for deter-
mining the performance of party partitions are
the Sound Transmission Class (STC), as
defined in ASTM E 413 (7) and the Impact
Insutatior Class (:1C), as defined in ASTM E 492
(8). Higher STC or liC values Indicate Improved
sound insulation. For example, the KUD
Minimum Property Standards for Multifamily
Dwellings {33) requires STC > 45 and IIC > 45
for tiving unit to living unit. These are minimum
standerds and many architects and bullders
prefer improved pertormance—and STC or HC
improvaments of § points can be significant

1 Maintained at Madison, Wis.,
Unlveraity ot Wisconsin.

2Numbers In parentheses refer to Literaturs Citad at
end of this report.

In cooperation with the
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(21). The ICBO Unitorm Buliding Code (20)
requires the STC and IIC of party walls tc be
250. The States of California and Minnesota
make these higher requirements mandatory
for most multitamily dwellings.

Scops of Study

The requirements In these codes are
based on the performance of construction
assomblies rated under (aboratory conditions
with the provision that field teats canbe up to §
points lower. This 5 dB allowance, for field
conditior:s, however, I8 not tully consistant with
actual expersnce. For example, it has been
shown (27,22,24) that fleld STC performance
can vary from 4 points higher to 20 points
lower depending on the typa of partition
design and fleld conditions. Thus, for a glven
partition or partition type, It (s Important to
characterize both its lab and field performance
and relate them to each ather through more
theoretical considerations. To this objective,
ihis siudy piovides varicus lab and flald
evaluations of three high-performarce double-
row-ot-wood-stud walls (STC = 55 to 63) and
two high-performance wood-joist floors (STC
=55 and 58, IC = 51 to 92 depending on floor
covering). In addition, fleld data for two
double-row-ot-stud designs—-one providing
inadequate performance and the other
minimum performance—ere included to Ii-
lustrate less-than-optimum design.

The wall designs are double-row-of-stud
with absorpt’on In the stud cavitles and single
or double layers of gypsum board {fig. 1).
While these types of wailis have been previous-
ly evaluated in the laboratory, the literature is
somewhat ambiguous about the actuai leval of
their performance. Recent improvements in
approximate TL theory and new laboratory
data sre used to better characterize these
walls and affirm thelr high lab performancs.
Wali A ia a replicate of a wall that wes fleid
teeted by the U.S. Furest Products Laboratory
(FPL) In 1871. Walls A and B ara simliar to
soms previously renorted data. Wall C is
unique and provideas a very high leb
performance.

While some other fleld data have been
obtained for walls similar to Wall A {79), they
were not adequately related tu lab tests so that
the low field performance in relation to lab
tests was not recognized. The FPL tield tests

affirmm this pertormance, and raasons aro
suggested—aliowing a reinterpretation of the
previgus data and an understanding of the
need tor further research. The less-than-
optimum wall designs are double-row-of-stud
walls with septum (center) layer(s) between the
studs; tha approximate TL theory Is ussed to
validate their low tlald perfermance In com-
parison to walls without septum layers.

The wood Joist deslgns for Floors A and B
are vased on 1-1/2-Inch lightwelght concrete
over a plywood subfloor and a gypsum board
ceiling mounted via resilient metal channels to
the joist (fig. 1). Floor A difters frum Floar B In
that it has absorption In the joist cavities.
{(While the addition of absorpiion to the joist
cavity tends to irncrease acousiical ratings, this
addition tends tc decraase fire ratings accor-
dinj to ASTM E 119, “Fire Tests of Bullding

WAL A
_‘:} il ‘\ 178 1A GYPSIA BAARD

~ . T &75IN GLASS FISER ABSCROIION
\2: 3 w000 STUOS, 16 1t 0.C

sreran sreiy f{l’l'l‘ll.lllQ%-IH GYPSUM BOARD, TYPE X
32 N Gi ASS FIBER ARSORBTION
-7 x € WOOD STUDS, 16 IN OC

e IN GYPSuM BOARD. TrPE x
=32 IN GLASS FIBER ABSORBTION
TS-2x4 WOOD STUDS, IS 1IN OC

T2 IN LIGHT WEIGHT CONCRETE
Ya-IN PLYWOQD
~-2 x /0 w()oo JOOST, 16 IN O C

e RESILIENT CHANNELS
—~-~4/8"IN GYPSUM BOARD

Figure §.-~Cross-suctional sketches for walls
and floors for which iasboratory data
were obtalned. Floor B ditfers from Floor
A in thet no joist cavity ingulation Is usad.
Seo tanies 1 and 3 for descriptions of
these constructions.

(M 1458 137)
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Construction and Materials™ (10). Thus, both
acoustical and fire tasts shou!d be considered
wien evaluating the eftects of adding absorp-
tion to the )oist cavity.} The high performance
ot both these tloors is indicated by occupant
experience and by previous laboratory data
referenced here. The main purpose of the tioor
evaluation was to validate the existing lab TL
data with the approximate TL theory and com-
pare l1ab and field data for replicate structures.
Contrary to the wall TL data, the fleid floor TL
performance is equal to the lab performance.

Summary

This report contalns lab and fleld data for
various wood-frame partitions and sab-
breviated summarles of recent developments
in lab-field correlation and approximate TL
theories. In the larger sense, the technology
plus the data are an inseparable pair. Full un-
derstanding of aither requires knowledge of
both. However, not all audiences want or ever,
need this fuller comprehension. To facliilate
the needs of several potentlal audiences this
repcrt Is orgenized as follows:

1. The body ot the report is primarily em-
pirical, emphasizing the specific types of par-
titions investigated and the resulting data and
an interpretation of the data. Thus, H an
architect or code ofticial needs laboratory STC
or 1IC values to demonstrate compliance with a

guide or code requiring lab demonstration,
then it 18 necessary only 10 go to tables 1 and 2
and note the appropriate lab values. Simllarly,
it ene wishes to know how some of these par-
titions performed under field conditions, that
intormation is also contained In the tabies.

Howaevar, it one wishas to understand why
equivalently high field values are obtalned tor
floors but not for the walls that were fleld
evaluated, that is more complex. For this task
a reading of the entire body of the report
should provide some expianations.

2. The appendix is a8 summary of the
thaories--concepts and relationships—used
in analyzing the TL data in the report. This
summary Is not only much abbreviated from
the origina! reterances, but also contains some
corrections and additions. Thus If one desires
to check the TL analysis herein, or apply it to
other data, it would be important to read the
appendix. it probably appeals especlaliy to
acousticlans and engineers involved In
acousticai work.

In 1act. some nf the novel conclusions
about the data may not be fully acceptable un-
not complex and the uninitiated may also find
it helpful with sorne study. Golng beyond the
descriptive approach of the body of the report
.Is more complex, but leads 10 coherent ex-
planations and correlations of lab and fleld
data.

SOUND INSULATION
POTENTIAL OF
SINGLE- AND DOUBLE-
PANEL CONSTRUCTIONS

To undersiand the data and analyels for
this study, certain concepts are necesssary.
This section presents the slemerntary concepts
for airhorne and impact noises. More technical
and complex relationships are elucidated In
the appendix.

Airborna Sound Control

Airborne sound insulators, such as party
walls and floors, pertorm their function by
maintaining acoustical separation bhetween
arljoining enclosed spaces. The effectiveness
of the scund insulator can be quantified by oo-

taining the transmission loss (TL.) in dB° at 16
frequencies as described in ASTM E 80 (9) for
laboratory tests and E 336 (4) for field tests.
The TL can be ploited against frequency {tig.
2). noting that increasad trangmission loss (a
higher TL numbaor) represenis increased
sound lisulation. A gingle number rating
schemae, as described in ASTM E 413 (7) can
be used to obtal a Sound Transmission Class
(STC)fig. 2). Tha system provides a generally

——

JAIl sound pressure measuremants in declbels are
rolerenced 10 2 x 10°% N/m?2.
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useful single number rating, and the STC or
the Fleld Sound Transmission Class (FSTC)
can be related to privacy (28,37). The cir-
cumstances in which problems can develop
are those In which the STC rating coritour is 8-
polnt-deficiancy-iimited at one frequency, with
a low total deficiency count. In this case, the
rating system Is sensitive to variabllity in test
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Figure 2.—Example of lals airborne trans-
mission loss vs. frequency for 5/8-inch
gypsum board (32). Note coincldence
dip at 2,500 Hz. Solld line contour shows
sound transmission class (STC) rating
position tor these data. The STC rating
contour deficiencies at each frequency
are obtalned by subtracting the TL values
below the rating contour from tha rating
contour lisrelf. The deficlency points are
shown In the boxes; the total, *, Is to the
right. The rating contour ls placed as high
as possible without exceeding a total
of 32 deficlency polnts, and with no more
than 8 points at any one frequency. The
horizontal dashed line shows the FSTC
value correspcnding to 500 Hz for tha
rating contour.

(M 142 441)

results and may be overly severe with respect
to privacy (74). Examples ot this are discussed
in “Conclusions.”

Two types of design are single-leaf and
double-leaf walls. A single-leaf wall design
may be defined as a design for which the entire
thickness of the wall acts as an integral struc-
ture (e.g., moves in phaae) ovar mogt of the
frequency range of sound excitaticn, Ex-
amples are single plywood and gypsum board
panels. In a double-ieat desijn, the two leaves
a0 not act integrally ovar mest of the frequency
range, though they will be acousticaily coupied
to each other by the air cavity separating them
and by any mechanical tles. An example of a
double-leal design would be & double-row-of-
stud wall (e.g., 1-In. separation between rows
of studs and plates).

To obtain a general idea of the acousticai
etficlencles of single- and double-panel par-
tittons, STC has been plotted against surface
weight (tig. 3). The STC values for single-panel
constructions rarely, It ever, exceed the
theoretical mass law and more typically are
limited to the emnirical mues law (fig 2) Fx-
ampies of partitions with single-leat perfot-
mance are a %-inch gypsum board panel, con-
ventional stud walls, and an 8-inch hollow con-
crate block. Efficient single-panel design
resulis In STC valuee close to theoretical mase
law and Involves high mass, fow stiffness and
high damping, and thin sectlons. Examples are
1/8-inch hardboard, §/8-inch gypsum board,
and many other ‘panse!’ materialg.

A broad quantification of 3ingle-leat
design can be taken from figure 3 using the
empiricel mass law. For more oaxact
calculations, see the appendix.

When double-panel designs (fig. 1, Walis
A,.B, . d C\ure used, amuch improved STC is
obtained (tig. 3). For sxample, If two pieces of
1/2-inch gypsum board at =.0 pounds per
square foot (Ib/it?) (STC = 28) were spot
laminated 12 inches on center, the resulting
STC of this singie-leaft construction would be
34 (32, p. 69). In a double-panel construction
(2 in. of insulaticn In 8-in. cavity), an STC = §5
could be obtalned with the same amount of
gypsum board. Thus, doubla-panal design has
a clear STC advaniage over single-panel
design. For example, an acoustically designed
double-row-ot-stud wa!l at 6 to 8 Ib/tt2 will per-
torm bettar than an 8-inch lightwelght concréte
black wall at 33 Ib/ft2.
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Figure 3.—-Graph of theoretical and empirical field incidence mass laws expressed as sound trans-
mission class vs. panel or partition surface weight, w (25). Examples of typical constructions ar8
aiso shown. Shaded area is +1 dB with respect to STC = 14.5 log w + 25 and Indicates approx-

imate nature of relationship.
(M 143578)

Good wood-framed double-panel party
partition design broadly Involves:

1. Good panels whoss periormance Is
as close to theoretical mass law as practical.

2. Adequate panel separation of 4 to
8 Inches.

3. Cavity Insulation at least 2 inches
thick.

4. Minimized mechanical ties In the wall
tield and around the perimeter.

5. Adsquate acoustical seal around wall-
mounted fixtures and around the perimeter of
the wall.

Cuantitication of double-panel design TL
response |s more complex than for single-

panel design. As a rule of thumb, the double-
panel response can be obtained from the sum
of the panel STC values (assuming at least 2 in.
of absorption, cav'ty thickness at isast 4 in.,
and minimization of structure-borne transmis-
slon paths). The appendix contains more exact
calzulations.

As a speclal case of a double-panel
design, an approximate theory Is avallable for
point and line stud connections as given In
the appendix. An exampie of line connections
Is a gingle row of wood studs (absorption in tne
cavity) with gypsum board atiached diractly to
the studs with nalls or screws. A polnt connec-
tic  consists of one or more connections

ARl P B s - G

e b —————l = —— Y g = =3 = mem e A BT

4




whose cross-sectional area approximates a
point. In practice this might be a 1- by 1- by
1/4-lnch plece of plywood that separates a
gypsum board panel from one side of a stud. I
a resilient-point connectlion, such as neoprene
rubber or resilient metal channel, Is used,
some additioral benefits over the rigld-point
connection can be obtained.

impact Transmission

A floor-celling partition requirer some
type of impact test which simulates footfal! in
addition to @irborne nolse evaluation. One type
of impact test is based on the tapping machine
as describud In ASTM E 492 (8). Impact nolse
characterization of a floor |s complex in com-
parison with alrborne nolse evaluation. For Im-
pact, there is not only a multiplicity of
sources—irom soft heeis to hard heels to fall-
ing objects—but, ‘or a wood-olst floor, there
are several different impact transmission
phenomena. For example, there is the click of
the hee! as it locally excites the floor, the boom
or rumble cf the body weight exclting the gross
floor structure, and the squeak or creak of
e'ements of the floor moving across each
other. While E 492 Is the only current standard
test method, and the avaluative method used
briefly in this study, its ablility to meaningfully
characteriza floor impact phenomena Or even
to rank different types of floors has been
questioned. New methods Involving changes
in both the type of excitation and the method of
measurement of Impact transmission are sub-
jects of current development in ASTM Com-
mittee E 33 on Envivonmental Acoustics.

Using ASTM E 492 the normalized impact
sound pressure levels (SPL) can be obtalned
at 18 frequencies and plotted (fig. 4), noting
that /ow impact SPL values t9present In-
creasec sound insulation. A single number
rating scheme described In ASTM E 482 can

be used to abtain an impact Insulation Class
(1C) where high }IC values represent increased
sound insulation {fig. 4).

Impect design strategles for wood-|olst
floors tend to be qualitative and empirical, as
approximate theories of the type presented for
girborne noises have not been developed.
There are several summarles of STC and HC
data for a wide varlety of weod-irame designs
that are avaliable from Government sources
(12,30) and industry associations (1,2,3,17,36).

Impact design based on the ASTM E 492
tapping machine Is profoundly Influenced by
he presence of carpet and pad. For example,
a conventional wood-joist floor with a vinyl-
asbestos tile has an STC & 37 and IC & 34.
The addition of carpet and pad glves STC = 37
and IC ¥ 56. Unfortunately, this design is
not only Iinadequate for altborne noises
but also gives an unsatisfactory boom. Never-
theless, any flcor that will pass the STC
@ 45-50 requirements will aiso, with carpet
and pad, pass IIC 2 45-50 requirements. im-
pact design for floors finished with wood or
vinyl-asbestos tile requires additional
treatments for the floor deck and celling and
may aiso require insulation in the jo!st cavities.
For the floor deck, a raesillent layer such as 1/2-
inch fiberboard tetween the subfioor and un-
derlayment or a high mass layer such as 1-
1/2-inch lightwalght concrete Is required to
provide an impedance mismatch with the im-
pacting source. For the celling, attachment of
gvpsum board with resilient channels Is
generally used (aiso necessary for sirborne
noise).

The use of lightweight concrete as part of
the floor deck is particularly interesting
hecause it seems to solve part of the boom
problems for woaod-joist floors, as waell as
satisfylng ASTM E 492 NC 2> 45 with a vinyl-
asbestos floor coverirg. Lab and field data for
this floor are gliven In the data analysis section.

FIELD TEST SITE EFFECTS

The dlscussion thus far has concerned
the airborne and Impact sound insutation of
partitions as they might occur under classicat
laboratory (ASTM E 80 and E 492) conditions.
In fleld tests It cannot be assumed that all
slgnificant intruding sound energy Is from the

test partition under consideration. Also, the
physical characteristics of the room (e.y,
room geometry and absorptive materials) may
Interact with the flanking TL chsaracteristics
and with the sound field, changing the effactive
TL of the test partition. Thus full characteriza-
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tion of tield performance inveives flanking
transmission and test environmant factors as
well as the partition transmission,

Flanking

10 real structures, sound energy arriving
in the recelving room can come via various
flanking and pariition paths (fig. 5) for alrborne
transmission. A flanking TL (and correspon-
ding flanking FSTC) can be obtained ex-
perimentally In much the same way as a parti-
tion TL when a high STC partition |8 availlable
(22,24). When the flanking TL I8 known, It can
be plotted (fig. 6) aiong with the partition TL
(and corresponding partition STC). The
separate contributions of the flanking and par-
titlon TL to the sound energy In the recelving
room can be combined by a logarithmic
process to glve a fleld TL (and corresponding
fleld FSTC)(fig. 6). The field TL cannot exceed
the flanking or partition TL (whichever is lower)
and can be lower, giving a field TL curve that Is
very different from either the partiilon or
flanking TL, due to their interaction. In this ex-
ampie (f'q. 8), the partition STC = 52 resuited
in & field FSTC four points lower due to tlank-
Ing Interaction. Simllar effects might be ox-
pected for Impact transmission, though the
location of the impact source and structural
damping would affect the extent of flanking In-
volved.

Test Environment

In the absence or flanking, the fiald parti-
tion TL at most frequencies can be agsumed to
be about the same as the laboratory TL for a8
replicate structure. There are, however, some
important exceptions due to test environment
offects thai were noted (22,24) for airborne
nolse (fig. 7).

At low frequencies where tho wavelength
of sound Is of the order of magnitude of the
room dimensions in the flsld, the lack of suf-
ficient modes creates an uneven distribution of
sound energy within the room. This condition
is likely to reduce the coupling between the
room modes and partition modes. Also, the
wall-wall, celling-floor dimensions of the test
partition provides a restricted range of angles
of sound Incidence on the wall, particulariy
near the wall boundarles. These effects result
in the test partition recelving proportionately
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Figure 5.—Examples of partition TL and
flanking TL nolse transmission paths
from source to recelving room (24).
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Figure 8 —Transmisslon loss (TL) vs. fre-
quency showing the fleld TL data resulting
from the mutual contributions of the
partition and flanking TL. Note that the
fleld TL can never exceed the flanking
TL and that the fleld FSTC In this
example is 4 polnts lower than the part!-
tion STC (24).
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Iass sound energy than if it were in a Inboratory
test arrangement, and the resultant fleid TL is
then proportionately higher. Of course, It tield
data are being compared with fleld data, a
change in modal distribution of the sound tisid
could cause the TL to Increase ar decrease,
depending on whether the change Improves or
deteriarates the coupling of the sound flelds to
the partition. At higher frequencies where a
panel caincidence dip may occur, the addlition
of absorptive material (such as carpet and
pad), may again make the TL higher. This is
due to achange in the diffuseness of the sound
which is likely to limit tha amount of sound
energy at grazing anglies to the panel which
determines the extent of the TL dip at or near
the coincidence frequency. Some evidence of
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Figure 7.—Graph of transmission loss (TU)
vs. frequency, lllustrating the magnitude
of duplex test environment effects on
the pariition TL that occurred at low
frequencles (room geometry) and in a
coincldence dip frequency range (absorp-
tive room condition) (24).
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low trequency modal distribution TL etfects
under laboratory conditions wil! also be noted
in "Conclusions.”

RESEARCH MATERIALS

Wall Constructions

Five types of double-row-of-wocd-stud
walls were evaluated In this study (table 1).
Walls A, B, and C (fig. 1) were tested &t Rlver-
bank Acoustical Laboratories (RAL), Geneva,
lll. For these three walis, single lots of
materlals were used for the studs, cavity ab-
sorption, and gypsum board Laboratory test
data for the studs ar.d gypsum board are given
in table 2. The studs were pre-tested In flexurs.
Those with a crook greater than 1/2 Inch or
with a modulus of elasticity (MOE) outside the
range 1.1 to 2.2 x 108 psi for 2- by 3-Inch
studs, or 1.0 to 2.3 x 108 psi for 2- by 4-Iinch
studs, were culled. Based on the MOE, the
remaining studs were statistically randomized
with respect to position in the wall. FPL
carpeniers built the walls in the RAL tost
frumes. A commerclal drywall screwgun was
used to insert and dimple screws, similar to
fiela practice. Normal gypsum board |oint
compound and tape procedures for smooth
wall” edge contours were followed according
to manutfacturer's published Instructions.

Wall A was a replicats of a tield-tested
series of six walls with 2 x 3 studs, 1/2-Inch
gypsum board, and double 2-1/4-inch absorp-
tion (table 1). Wall B was similar to A excapt
that 2 x 4 studs, 5/8-lnch type-X gypsum
board, and double 3-1/2-Inch absorption ware
used. Wal! B is commonly used, except tor the
tull thick absorption which is replacing 2-1/2-
inch absorption !'n the fleld due to the In-
croased importence of energy savings In out-
side walls. Wall C |s the same as Wall B except
that a layer of 5§/8-inch type-X gypsum board
has besen added to each side in an attempt to
provide a very high STC wall.

Welils D and E are examples of designs
with septums or dividing panels hetween the
double row of studs. Lab tests were not run
because the theory suggests that in the
geometries of residontial party walls triple-
pane! walls would not perform as well as
double-panel walls.
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Table 1.—Summary of laboralory and f'eld data for doubls-row-of-wood stud walls with gypsum board faces

Laboratory data FFi. fisld dale
wal! Wwall Surface STC STG deficiencles wall FSTC FSTC deficiencies
Wall type' thickness construction weight Tota! 8-Poini type Totatl 8 Point
o torh? He, b
wallA
(1L 75-84) 85 1/2-m. gypsum board 175 55 27 126 A1B? 50 29 180
Double row 2x3 studs, A-28 47 19 160
18in. 0. C. A-38 48 31 160
(2-1/2-in. piste separation) 186 A4A? 49 31 180
Double 2-1/4-in. A-7 A-S5A a3 27 -
absorplion 033 A BA 53 30 160
172-In gypeum board 175 ATAS 4B ? 125
Totsl 5 ABAY 49 20 160
AQAY 50 26 125
Wall B
(TL75-83) 9.25 5/8-in. gypsum board 2 57 24
Double row 224 studs,
18in.o.¢c
{ 1In. plate separation) 262
Doubie 3-1/2-in. R-11
sbsorption 038
5/8-1n. gypsum board 231
Total 76
wanC
(TL 75-82) 10.5 Double 5/8.1n. gypsum board 462 63 24 —
Double row 2x4 studs.
18in.0.C.
(1-In. p'ate separalion) 262
Double 3-1/2-in. R- 1
absorption ¢38
Double 5/8-in_gypsum board 4 62
Total 122
wall D ~ B5 1/2-in gypsum board A1 75 - - - D19 50 28 200
Double row 2x3 studs, LA 46 18 160
16in.0.c. D38 44 19 200
{2-1/2-In. plate separation) 1.86
2-1/4-in. R-T abso:nlicn .16
1/2 1n. sound-deadening
board septum 7
1/2-in gypsum board 178
Tois! 6.
WallE ~85 1/2-in. gypsum boerd ~- 178 - - - (L] 42 20 125
Double row 2x4 studs, E28 43 24 180
18ino.¢ E-38 42 25 160

(1-1/2-In. plata separation) 262
Double 1/2-in. sound:

deadening-boatd seplum 1.4
1/2-in. gypsum board 175
Total 7.5

' wais A, 8, and G were tagted at Rivertank Acoustical Laboratorles, Genava. lllinols

Z Fingi letter B indicates bare room data and final lstter A Indicates absorptive room data.
Fisla data cblainad by Pacitlc Northwest Forest and Range Experiment Station, Forest Service. USDA. Seattle, Washingion.
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Table 2 —Summary of propesies for componenis used n laboratory tested walls

Material Nominal dimensions Moislure Specilic Surlace Static bencing
content gravity 2 weight 3
Thickness width Length MOE* MoR 4
in i P torm? Py Py
Siuda .
White-fir 2 4 8 114 0.45 131 1.620.000 —
(Stud grade) IR {0.06) (570.000)
White-tr 2 3 8 108 0.45 83 1.630.000 —
(Stud grade} (23) (0.07) (470.000)
in ] i
Gypsum bnard 5/8 4 8 — - 23 7345,000 946
Type-X, (0.05) (50.000) {13)
smooth wall, $216.000 300
edge conlour (72.000; (38)
“$tay smooth,” 12 4 8 - - 175 7335000 921
edge contour (0.04) (76.000) 52)
495,000 245
(53.000) (14)

' Moisture contem bv moistuiz probe at ime of static bending test. 75° F and 64 pct relstive humidity.

2 Specic gravily adjusted to 0 pct morstute content

? Surlace weight based ¢ weight, 75° F and 84 pcl relative humidity

* Modulus of elasticity (MOE) for studs obtained by an Irvinglon Model 267 dynamic E-computer by transverse vibration. MOE and modulus of ruplure

MOR; dianed by ASTM © 1037 (5 for gypaum woaid
y j o @y

> Numbers  parentheses sre 22 (s1ancsrd devistion of a sample of 24 gpecimens for the studs and 12 specimens lor the gypsum board)
% Values for single row of studs 18 1n o ¢. for an 8-f1-high wall with single bottom plate and double 10p plate.

! Value oblained with length of gpecimen parglie! 10 B-H panel dimension

% Velue oblained with lengih of specimen perpendicular 1o 8- pane! dimension.
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Floor Constructions

Two types of wood-frame floors with
lightweight concrete toppings (table 3) were
evaluated in this study. A cross section of Floor
A is given in figure 1. Ficor B differs from A In

that no loist space absorption is used. Floors A
and B are examples of commercial figor-
celling systems that should provide good ncise
raduction based con lab data and fleld ox-
perience.
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RESEARCH METHODS

Laboratory transmigsion loss tests for the
walls were conducted at Riverbank Acoustical
Laboratories (RAL), during 1975, in explicit
compliance with ASTM E 90 (9). No speclal test
conditions were used, except that the walls
were B feet high (as in the fleld) rather than 9
foet high, as is the practice for commerclal
buiiding walls. The greclsion of the TL
measurement s +3 dB at 125 and 160 Hz, 12
dB for 200 and 250 Hz, and 11 dB from 315 to
4,000 Hz, according to ASTM E 90. Ths ectual
precision of the lab tests at low frequencies
would eppear to be well within thet suggested
by E 90 for the RAL data.

/\
BATH- BEDROOM
ROOM

For the floors, both impact sound
transmissicn and alrborne sound transmission
loss ware conducted at Gelger and Hamme,
Inc. (Arn Arbor, Mich.) during 1289 and 1970,
in compliance with ASTM E 492 and ASTM E
90. No special test conditions were used. The
floor area was 12 by 16 feet. The precision ot
the measurement Is +2 dB at 100 Hz and +1
dB trom 125 to 3,150 Hz according to ASTM E
492 (8).

The fleld tests for Wall A and Floors A
and B were conducted !n a development of
two-story wood-frame apartments consisting
of 11 bulldings with 16 to 25 dwalling units per
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Figure B.—A plan viaw of the apartment used for fleld tests of Wali A shows approximate locations

of speakers, microphores, and diffusors.
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bullding. There ware about 200 dwelling units
In all; 50 had twe bedrooms (680 112 total floor
area), and the rest one bedrcom (530 #2 tioor
area) (figs. 8 and 8).

ASTM E 336 (4) was used for transmis-
sion loss field testing. The FPL instrumentation
18 of laboratory quallty and includes both visual
and auditory means for monitoring the random
(pink) noise source and microphone signai
quality. (Procedural and instrumental details
are included In Appendix 1l of reference (24).
For floor impact tests a field procedure based
on an E 492 standard Impact hammer (tap-
ping) machine was used. To minimize alrborne
transmission from the tapping machine, the
case was removed and absorptive material, in
addition to the carpet and pad, was added to
the source rcom.

Two field test environments or room con-
ditions were used. One is referred to as the
“bare raom caondition” (fig. 8) In which three
fixed ditfusors of 1/2-Inch plywood (42 to 48 by
92 in.) were used. The other Is the “absorptive
room condition” obtained with waii-to-waii
carpet and pad as well as closed drapz=
across the sliding glass doors. In general the
tixed diffusors were not used for the absorp-
tive room condition. Reverberation :ime vs.
frequency was recorded for the two conditions
(fig.10). The bare room condition more nearly
simulates a laboratory test environment.

In order to estimate flanking sound
transmisgion, temporary shieids as required
by E 336 were constructed in ths fieid. The
construction of these shields was simliar to
that described previously (78).

ANALYSIS OF RESULTS

Test wall references, generic descrip-
tions, and STC and |IC values for the partitions
evaluated are contained in figure 1 and tables
1 and 3. The detalled one-third-octave data for
wall and floor lab tests are glven in table 4. Lab
and fle!d data are shown graphically In figures
11 through 22. The data In these tigures are for
partitions that ire sealed against alrborne
leaks or flanking. Structure-borne flanking wili
be discussed where It is thought to exiet. The
results of inadequately sealad walls and per-
missibie leaks have been discussed (24).
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Double-Panel Walls

Lab Ti. was plotted agalnst frequency for
the double-row-of-stud Walls A, B, and C (fig.
11UL). As expected at the time of test, the TL
velues for Wall B (5/8-in. gypsum board and 2
x 4 studs) were generally a littie higher than for
Wall A (1/2-in. gypsum toard and 2 x 3 studs),
glving a 2-point STC Improvement. Also. the
additional layars of §/8-Inch gypsum board
applled to Wall B to form Wali C gave a 8-point
STC Impravement. While the increamental STC
increases seemed plausible, the actual values
seemed generally higher than woulu at first be
expected from some data (19,34) though more
conslstent with some other data (26).

Iin an attempt to justity the high STC data,
the lab TL values were compared with the ap-
proximate TL theory (fig. 11UR, LL, and LR), in
which lab; TL and STC values would seem {0 be
justified. in fact the lab TL data above 500 Hi
would appear s little low, and the 6 dB/octeve
siope between 500 and 1,250 Mz would
suggest some leb partition perimeter flanking.

14

The STC significance of this fianking depends
on whether the lowered TL values contribute to
the total deficiency count and any 8-point
deficiencies. Of course the approximate theory
suggests that any double-panel wall (without
flanking, leaks, or bridging) should be 8-point-
daficiency limited at 125 Hz by the initlal TL
slope of 18 dB/octave. Walls B and C are not
8-point-deficlency limited (fig. 11) and have
some deflciency count dus to flanking between
500 and 1,250 Hz. Thus Wal! C would appear to
have lab potentlal STC = 85. When the total
surface welght of the construction (Including
studs) Is used, a 15-point Increase over
thaoretical mass law occurs (fig. 3).

For the combined panel welghts (ex-
cluding studs), the STC values for Walls A, B,
and C are 19 to 20 points higher than for
theoretical mass l&ew. These lab data and
anglyses give the double-panel light-frame
construction a substantisi STC advantage over
single-panel masonry walls such as 8-inch
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hollow concrete biock (sealad). Of course, the
use of light-frame auxillary walls on masonry
walis can substantially improve them (7,2).
Thig high TL performance under lab con-
ditions suggests the poasibllity of flanking un-
der field conditions. In a previous study (22),
bounding structure flanking limits of FSTC =
50 were obtained for a duplex party wall loce-
tion. i this were combined with an 8TC = 55
wall, the fleid FSTC would be about FSTC « 49
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(using table 1 of reference (24)). Fisic tests run
by FPL on repiicate wall constructions for
FPL/RAL A (STC = 55) did give comparably
lower FSTC values (flg. 12L). While the replica-
tion for the three fleld tests was good, the
average FSTC = 48 !s 7 points lower than the
lab value. Thie might have suggested substan-
tial bounding structure flanking as praedicted
except that a temporery shield bullt next to
Wall A-3B gave an FSTC = 55 (fig. 12R). Thus,
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Figure 11.—Transmission loss vs. fraquency for laboratory wali data, including & comparison of the
FPL/RAL data for Walls A, B, and C (UL) and comparison of approximate theory and lab data for
Walis A, B, and C (LL, LR, and UR, respectively). The deficiency points are shown in the boxes,
with the total deficlencles, *, at the right.
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Figure 12.—Transmission loss (TL) vs. frec uency data showing (L) the TL envelopa for three ileid
tests under bare room conditions compared with leb date for an Identical construction, and (R)
lab (FPL/RAL A) and field (A-3B) data compared with tamporary shield TL data as woll as a
predicted flanking TL limit data. The disagresment between the flanking TL implied by the
temporary shield and the predicted flanking TL suggests both wall perimeter and bounding

structure flanking.
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it would appear that the flanking is elthar
between the shieid and the wall (or perhaps
the shield changed the bounding structure
flanking)} or else some type of partition
perimeter flanking exists. The continuoua 2 x
10 Joist over the top of the wall (fig. 9) suggests
that all these possibilities axist.

Field data for similar constructions were
also taken by FPL under absorptive room con-
ditions (fig. 13). When a temporary shield was
bulit for Wall A-SA, TL deta (lig. 13R) were ob-
talned. As with the bare room data (fig. 12), the
flanking limit implied by the temporary shield
differs from that obtained trom the lab and
fleld TL data. In this case, various com-

LY 4

binations of wall perimeter and bounding
structura flanking would seem to be suggeasted
by the TL data. Due to canstruction schedules,
the bare and absorptive room data are not tor
the same walis, so that comparisons of the
bare and absorptive room data are leas
precige than in a previous study (22). Also, for
Wall A-8A, the FSTC = 53 approachen the $12
= 535 potential of the wall, suggesting a change
in flanking as well as furnishings and this
skews tha “absorptive” avarage.

As a further chack of the performance of
dcuble-row-of-stud wallg, field date obtained
by the Pacific Northwest Forest and Range Ex-
periment Station (PNW) of the Forest Sorvice
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Figure 13.—Transmigsion loss (TL) vs. frequency data, showirg (L) the Tl. envalope for three fleld
tests under absorptive room conditions compared with lab data for an Identical construction,
and (R) lab (FPL/RAL A) and fieid (A-5A) data compsred with temporary shisld TL data as well
as a predicted TL limit. The temporary shield and flanking limit TL velues suggest various wall
parimeter transmission and bounding structure fianking transmission.
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were plotted (fig. 14). These walls are similar io
wall FPL/RAL A in that they use 1/2-Inch gyp-
sum board and 3-1/2- to 4-1/2-Inch absorption
In the cavities. They ditier in that 2 x 4 studs
sre used rather than 2 x 3 studs. The cavity
depth |s thus 8-1/4 Inches for the PNW walls,
asimilar to the 7-1/2 inches for FPL/RAL A so
that the approximate theory would justity com-
parison of these lab and fisid data. The TL date
(fig. 14) for the room condltions at the PNW
would seem {0 support the conclusions drawn
from figures 12 and 13, suggesting that
double-row-of-stud FSTC performance
averaging 6 points (range, 2 to 8 points) below
lab performance Is not limited to FPL or
Midwest evaluations. Of course, sil this
depends on accepting the FPL/RAL A 1ab test

a8 valid and the approximate thecry would
seem to valldate this poaltion.
Double-row-ot-stud walls have given STC
valuas as low as 51 (79,34). Thase data were
obtained in 1984 using one-hall-octave-
bandwidth noise scurces and would &t first
seem entiraly tco low. However, the cavity
depth was about 2 inches iess than the current
atudy and this, according to approximate
theory, would reduce the STC by about two
poinis. Only about one-halif the absorption was
used (2 v8. 4 in.) and this could provide
another 2-point difference. Thus, under the
design conditions of the pressnt study, the
STC = 51 might be more like STC = 55,
However, it should also be noted that the STC
= 51 value has been compared to fisld data for
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Figure 14.—Transmiasion loss (TL) vs. frequency data showing (L) the TL envelope for three field
tests (79) under absorptive rcom conditions compaged with lab data for a similar construction,
and (R) lab (FPL/NAL A} and fleld (A-7A) date compared with temporary shield TL data as well
as a predicted flanking TL limit. Ths temporary shield and tianking limit TL vaiues suggest various
wall perimeter transmission and bounding structure tlanking transmission.
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double-row-of-stud constructions using 2 x 4
studs.

In summary. for the doublg-row-of-wood-
stud designsa for Walls A, B, and C, the lab data
(fig. 11) would seem to indicate good poten-
tials for providing high-performance sound In-
sulation in light-frame constructions. However,
field data (figs. 12-14) suggest that this Is not
generally achleved in typica! tield Instaliations.
This shouid encourage tfurther research to
detarmine what specific types ot construction
detalls are providing the bounding structure
and perimeter tfianking that limHis the pertor-
mance of these walia. These results aiso rein-
force the need for rapld field testing to verity
installed periormance of walls, as fleld values
can be more than the 5 d8 below lab perior-
mance implled by some axisting codes.
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Walis with Septum Layer(8)

Tripla-panel walls would net be expacted
to perform as wal! as double-pansl wails of
equivelent surface weight In the geometrios
typlcal of residential party walls (se® pppen-
dix). Because this concluslon tends to run
counter to bullders’ expectations, some ox
amples of constructions found In the field with
middie or septum layers were evalueted.

The septum layer(s) car be achleved by
standing a panel material in the space between
the double row of studs. The septum can &iso
be nalled to the Isterior edge of the stud,
though in this case the consiruction would not
really be a triple-panei design, as wil! be noted
subsequently. The septum material used In the
partitione evaluatsd was 1/2-inch sound-
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deadening board (SDB). Gypaum board has
also been used as a septum material In
residential constructlons. The 1/2-Inch SDB
materlal is Jdiffarent from 1/2- or 5/8-Inch gyp-
sum board In that its surtace weight is lower
and its wood fiber construction provides someé
sound absorption due to its porosity, as weil as
transmisslon loss due to Its& mass. Tc
characterize the 1/2-Inch SDB, it was tested as
an 8- by 10-foot party wall in a duplex living
unit (24). The 1/2-inch SDB TL data obtalned
are compared (fig. 15L) with 5/8-Inch gypsum
board TL Jdata obtained under !dentical field
conditions. When the TL for the SOB are com-
pared with theoretical mass law (fig. 15L),
good agreement Is obtalned, though even
better agreement would be obtained with
equatior (A5) In tha appendix. When the
recelving room reverberation times for the
gypsum board and SDB are compared under
bate room conditions (fig. i5R), the SDB
values are significantly lower. However, the
SDB reverberation times are higher at most
frequencles than the 1/2 second (at all fre-
quencles) that would nominally be obtained

The double-row-of-stud (1-1/2-in. plate
saeparation) construction of Wall E included 8
double 1/2-Inch SDOB septum with a layer of
SDB carefully attached to the Inner face of
oach row of studs with 1-1/2-inch roofing nalls,
8 inches on centar (no addlticnal absorption).
In the field TL data for the three walls (fig. 16L)
the FSTC values are controlled by low-
frequency 8-point deficlencies (see table 1).
The TL data for Wall E-1B (tig. 18R}, aiong with
temporary shield TL data, Indicate mid- and
high-trequency flanking.

The design of Wall E was by a bullder who
had been told that one septum layer was good,
80 he “reasoned” that two septum layars
should be better. Bacause the layers are nalled
to the studs. we really have two complete walls
{(gypsum board; stud; sound-deadening
board) separated by a 1/2-inch air cavity.
Thus, the theoretical curve in figure 18R was
obtained (using the appendix) by treating each
wall ag a line-connected double-panel con-
struction and then combinirg the two walis as
two double-panel constru: uons. The 1/2-inch
alr space Is "st!ff" up to fo =200 Hz, so that the

irom the addiiion oi carpet and pad. low frequsncy perlormancs s poor; the
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Figura 15.—Transmiasion loss and reverberation time va. frequency for 5/8-Inch gypsum hoard and
1/2-inch sound-deadening board, evaluated as an 8- by 10-foot singie-panal partition under
the bare room fleld conditions in the FPL rented duplex.
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theoratical TL rises rapiuly above fg = 200 Hz.
The approximate theory TL broadly supports
the low TL values for Wall E (1ig. 16R;. While
additional cavity absorption might have im-
proved the TL somewhat, the high potential
STC of double-row-of-stud wall design (with
cavlity insulation) such as Wall A was reduced
13 points by the use of two septum layers. If
the double-panei potential of the wall had been
realized, then bounding structure flanking
would have imited the field performance.
Wall D is alsc an SDB septum construc-
tion (table 1) excapt that only one layer of 1/2-
Inch SDE 18 used and 2-1/4-inch fiberglass ao-
sorption is included in one row of stud cavities.
The TL data for Wall D (av. FSTC = 47) (fig. 17)
are better than for Wall E (av. FSTC = 42) and
provides field performance equivalant to Wall

A (av. FSTC = 48) (fig. 12). This might at first
soem to justity the design, but consideration of
test environment factora and the approximate
theory will suggest otherwise.

The TL data for Wall D (thray separate
walls) were obtained In a badroom of 1,100 ft3,
which does not satisly the room volume re-
quirements of ASTM E 336 for the TL data at
125 Hz. As noted (22), fisid test environments
tend to give higher TL values at low freguen-
cles (f!g. 17). This is more likely tor smaller
rooms. In a larger room (o7 under igb con-
ditions), the TL at 125 Hz for Wall D would be
more like 20-22 dB, limiting the FSTC to 44-46.
{In this respect the data for Walls E-18 and E-
2B w e obtalned with rcom volumes ot 2,570
113, w. sreas Wall E-3B8 had a volume of 1,148
1#t3, accounting foi the highest TL value at 125
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Figure 18.—Transmission loss (TL) vs. frequency data showing the TL envelope for fleld tesis of
three Wall E constructions (L) and field dats for Wall E-1B compared with &pproximate theory

and temporary shield data (R).
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Hz (fig. 16L).

The installation of the septum layer for
Wall E was with only & few nalls per 4- by 8-foot
sheets so that the wall construction Is more
like a true triple-panel deslign. Thus, the ap-
proximate theory (tig. 17) is based on a triple-
wall design, and broadly justifies the tiald per-
formance of Wall D.

In summary, for septum-contalning con-
structions, the approximate theory generally
supports the poorer performance of these
wails. While FSTC 2 45 can be obtalned under
certaln conditions ot room size and added
cavity absorption, such a design is nelther
acoustically efficient nor reliable compared to
the simple double-row-of-stud designs ot
Walls A, B, and C.

Double-Pane! Floors with
Resilient Point Connections

The floors tested In the field for this study
were known to have high sound-insulation
potential on the basls of laboratory TL data.
Further, experience with these designs
demonstrated good Impact performance at
low frequencies below the frequency range of
ASTM E 492. Thus, the main purpose of these
tests was to compare lab and fleld data. An ad-
ditional purpose was {0 compare the iloor lab
TL data with the approximate TL theory.

Laboratory TL data were recorded for
Floars A (PNW/G&H 3A) and B (PNW/G&H 2)
{76) with no carpet or pad (flg. 18L). For Floor
A (3-1/2-in. absorption), the approximate TL
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Figure 17.—Transmission loas {TL) va. frequency, showing the TL envelope for field tests of three
Wall D constructions (L), and TL data for [»-3B compared with tripie-panal approximate theory

and temporary shieid data (R).
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theory for point connection is applicabte, and
reasonably good agreement with theory Is ob-
talnad above 125 Hz (fig. 18L). Floor B Is iden-
tical to Floor A, except that the 3-1/2-Inch
fiberglass absorption I8 not included In the
joist cavities. As might be expected, the TL for
Floor B Is generally 1ower than for Floor A,
resulting In a 3-point decrease in the STC. The
various dips in the TL curve are difficuit to ex-
plain unambiguously due to the large number
of resonant frequencles In this construction.
For example, both the alr cavity resonances

(14 =& where c is velocity of sound and dis

2d

cavity thickness) In the Jolst spaces and the es-
timated colincidence frequency for the
lightweight concrete occur around 500 Hz. At
about 2,500 Hz, the colncidence frequernclee
tor both the 5/8-inch plywood subfloor and the
5/8-inch gypsum board are centered.

In laboratory TL data for Floor A (fig. 18R)
good replication occurs, with the laboratory
tests glving STC = 57, 58. Because many fleld
sltuations involve carpet and pad as well as
other furnishings, lab TL data for Floor A
{CCA/G&H 2MT) with carpet and pad are com-
pared with the bare room data of Floor A
(CCA/G&H 3MT) (73). While STC increased by
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Figure 18.--Laboratory transmigsion loss (TL) vs. frequency for laboratory floor data, including a
comparison of Floors A and B with approximate TL theory (L), and a comperison of data for
Floor A from two different laboratorles (R). The graph &iso shows the effect on the TL of the

additicn of a carpet ang pad.
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only 1 point, TL increases from 5 to 10 dB oc-
cured (37) &t higher frequencias (above the
STC rating curve). While the addition of carpet
and pad and drapes can Increase the field TL,
especially at mid and higher frequencies
(22,24), similar phenomena can occur under
laboratory conditions. This, of course, com-
plicates lab-field correlaticn statements for
tioors as previously noted for walls.

Because the tield TL data for Floors A and
B (fig. 19L) were obtained with carpet and pad,
thay are not directly comparable with the lab
TL data (fig. 18L). However, the generally
higher TL above 500 Hz (fig. 18L) for Floor A In
the tield test is similar to that for the lab test
(fig. 18L) s0 the difference is assumed to be
due to cavity absorption. Also the 2-point tield
increase in STC is comparable to the 3-point

lab Increase. The Increase for Floor A In the
field TL with the addition of carpet and pad
(fig. 19R) is similar to that for the lab TL (tig.
18R). As with the lab data, the TL increases are
mostly above 500 Hz and above the 3TC rating
curve 8o no change In STC occurs.

In comparisons of lab and fleld vaiues
(fig. 20) remarkable agreement betwesn both
(F)3TC and TL values occurs using Floor A
(PNW/G&H 3A) for the lab data. Lab and fleld
data under bare and absorptive room con-
ditions (fig. 21) can be compared using Floor A
(CCA/G&H 3MT) lab data. The (F)STC agree-
ment i3 less Impressive. it Is also interesting
(flg. 21) that under absorptive room con-
ditlons, the fiold data FSTC = 60 tor Floor
A-2A I8 2 points higher than comparable !ab
data and 3 points higher than bare room lab
data.
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Figure 19.—Transmisslon i0ss (TL) vs. frequency for floor field dste Including . comperiaon of TL
for two floors iduntical except for the inciusion ot absorption in the joist caviiy (L) and & com-
parigson of the TL for a single floor with and without cerpet and pad (R).
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This agreement shows that a light-trame
construction has performed at STC > 55
without significant flanking. This at first
appears to be quite an accomplishment when
compared with the perimeter flanking for the
double-row-of-stud walls (fig. 12). However,
based on the weights of the pane!s (neglecting
studs or Joists), ATLyw & 10 dB for the floor
(fig. 18L) and ATLw & 20 dB atove 250 Hz for
the walls (fig. 11LL) (see appendix for
definitions of ATLw). Thus, the double-pane!
design for Wall A should be more susceptible

to parimeter fianking thsn the resllient-point-
connaction design of Floor A. Nevertheless,
the FSTC = &8 supgests that the bounding
structure flanking limit 1s about FSTC = 65, As
was the case for some of the wall field data. the
field TL valuas for 125 Hz ara lower than the
iab TL vaiue. However, the STC rating tor the
noint conneaction TL response does not
emphasire low fraquency dsefictency points, 8o
that these differences in lab and tleld TL values
are not too signiticant,

The impact sound pressure level using an
ASTM E 482 tapping machine varies widely
from bare fioor to carpet and pad floor
coverings (lig. 22L). An attempt to obtain field
impact data with carpet and pad was largety
unsuccassful due to background noise In-
terfarence (tig. 22R). However, the fieid resulits
at IC = 77 were apparently comparable 1o the
carpet and pad lab data for Floor A
(PNW/G&H 3A) at HC = 87 The |IC = 51 for
test (CCA/G&H 3MT) on vinyl-asbestos tile
was a very good result In terms of exceeding
lIC = 50 codes. However, other tests of
replicate structures glve lIC = 46, suggesting a
range of values depending on the detalls of
materials, assembly, and test procedures (the
arrborne TL data were similar).

in summary for the floor designs, both the
iab and field data provided equlvalently high
performance for both airborne and impact
noise sources. The alrborne lab TL responss
for Floor A gave good agreement with ap-
proximate TL theory for a double-panel design
with point connections. Even without jolat cavl-
ty absorption an STC = 55 was obtained for
Floor B. oniy 3 points lower than for Floor A4

4Note that the ASTC =~ 3 applies to this perticular fioor
construction and Is not a ruls of thumb for the
Inctusion of sbsorption. For example, the STC for
Wal A would be reduced 8 goints to STC = 47
(23) If alt the absorplion were removad.
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Figure 21.—Transmiasion loss (TL) vs. frequency, comparing lab and field TL for similar apartment
floors under bare room (L) and absorptive room (R) conditions.
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SUMMARY OF LAB-FIELD
TECHNOLOGIES

This summary brings together the varlous
tindinga In this report on tab-fleld TL
relationships 8o that they may be added to the
developmaents already summarized In the In-
troductory saction on “Field Tast Site Effects.”
The previous developmaents wars derived from
fleld data obtained in a r¢nted duplex where
congiderable conivol could be maintained
over the experimental test series. The field

26

data for this study weare obtalned at ongoing
construction sites so that construction
schedules prevented running some tests that
would have permitted diract comparlsons of,
for example, the TL for bare and abscrptive
room conditions. However, the data were obH-
1ained under more typical field conditions. The
wall lahoratory data fer this study were ob-
tained at the same location as 1or the previous
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studles.

Two types of flanking tranamission were
notad. Under lab conditions, some typs ot
“perimeter flanking” limited the TL response
above 500 Hz for Walis A, B, and C. Under fleld
conditions for these walls, both perimeter and
“bounding structure” flanking were ngeded to
account for the data. The actual field tianking
limits for walls averaged about FSTC & 49,
sirnilar to previously reported bare room wall
flanking limits (25). However, one wall at
FSTC=53 would have an FSTCI57 fianking
limit. The fianking limit pradiction (24) along
with temporary shield data was helpfu! in
gseparating the two kinds of flanking.

The apparent lack of flanking In the tield
tor Floors A and B at STC = 55 to 58 suggests
a field flanking limit FSTC & €5, a very high
potential for a wood-frame construction. The
lack ot flanking was apparantly due to both the
floor design and the bounding structure tram-

17

ing. The resillant-point-connection design
helped minimize porimeter flanking by limitinp
the ATLy,. and the platiorm framing ap-
propriate to the fioor construction minimized
bounding structure flanking.

Test environment effects were found
throughout the lab and field dats similar to
those described previously (22,24). The
strongest effacts tend tc be at low frequencles
{modal distribution) and at high frequencies
(interaction of acund fleid ditfussness and
coincidence phenomena) (fig. 7).

Low frequency modal distribution effects
are easlly identifled by noting the TL slope at
125 10 200 Hz. Approximate theory suggests
this slope should be +18 dB/octave above /5
and +86 dB/octave below fo- Itis also important
that the tirst panel resonance, ;. (23), be well
below 100 Hz. For 5/8-Inch gypsum board in 4-
by 8-foot sheets, t;, & 10 Hz and is not a fac-
tor.
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If some reflecticns occur at the line of at-
tachment cf the gypsum board to the studs,
then a higher 13 €70 can be obtained and the
assumption of infinlte pane!s would not be tully
justitied. Nevertheless, a TL slope that was
nearly fiat with frequency ({or negative) Is
taken as evidence of test environment effects.

Examples of these low frequency eftects
can be found in the tield data for Walis A-18,
A-2B, and A-3B (tig. 12L), Walls A-5A and A-
6A (tig. 13L), and Wall A-8A (fig. 14L). Other
fleld examples are Wall E-3B (flg. 16L) and
Waila D-28 and D-3B (fig. 17L). Lab effects are
not evident for wails (tig. 11) though there is
some low TL slope floor data (fig. 18) which
may be due to test environment effects.

Diffuseness-coincidence interactions at
higher frequencies are not easily seen In the
wall data. This is because of the extensive
flanking interactions above 500 Hz and also
because direci comparisons of bara and ab-
sorptive data were not made. However, for the
floor data these comparisons 'vere made for
both field (fig. 19R) and lab (fig. 18R) tasts. In

hoth cases the TL under absorptive conditions
(carpet and pad added) are significantly higher
than the Gare room TL. This example Is com-
plicated by having different coincldence fre-
quencies for the cailing (5/8-In. gypsum board,
fc = 2,500 Hz) and the subfloor (5/8-In.
plywood, f; = 1,140 and 2,830 Hz). When the
absorptive surtace is on the tioor, the radiation
of the ficor is also aftected (37). Mevertheless,
some combination of these ¢ scts changing
the test environment glso cliuged the TL,
though, for this design, the change was mostly
above the STC rating curve.

Finally, lab-fleid correlations for these
high-performance partitions must be con-
sidered. For the walls, the flald performance
was apparently dominated by flanking and was
well below the lab potantial pertormance. Any
TL benetits for absorptive room conditiona
were largely obscured by the flanking effects.
For the floors, little significant flanking oc-
curred, and field results were abeut the same
as lab with tield absorptive room data being up
to 2 points higher then lab.

CONCLUSIONS

1. Double-row-of-wood-stud party par-
titions with gypsum board faces and cavity ab-
sorption gave high lsb performance of STC =
55 to 83 depending on the specliic construc-
tion:

Wall A. Double row of 2 x 3 stude, 18 in-
ches on center (0.¢.) (2-1/2-In. plate spacing),
with doubie 2-1/4-inch glass fiber stud cavity
absorption and 1/2-inch gypsum board taces:
STC = 55.

Wall B. Double row of 2 x 4 studs, 18 In-
ches o.c. (1-in. plate spacing), with double 3-
1/2-Inch glass fiber stud cavity absorption and
5/8-inch gypsum board faces: STC =57,

Wall C. Same as Wall B, except double
5/8-Inch gypsum boeard on vach face: STC=83.

2. The field performancs of Weall A was
tound 1o average FSTC = 49 under bare and
absorptive room conditions with a range from
FSTC = 47 tc 53. The reduced fieid perfor-
mance was apparently due to combinations
of bounding atructure and pariition perimeter
flanking and suggests the need for further
research to upgrade this fleld performance.
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3. Fleld performance ot double-row-oi-
wood-stud constructions with midd!e or sep-
tum layers gave fieid performances generally
compatible with the lower lab potential perfor-
mance of FSTC = 45 expected of these con-
structions on the basis of approximate theory:

Wall D. Double row of 2 x 3 studs, 16 in-
ches o0.c. (2-1/2-in. plate spacing), with single
2-1/4-inch glass fiber, single 1/2-inch sound-
deadening-board septum, and single 1/2-Inch
gynsum board tacings: FSTC = 50, 46, and 44
(average FSTC = 47). These FSTC values were
apparently raised somewhat by the small room
volume.

Wall E. Double row of 2 x 4 studs, 18 In-
ches 0.c. (1-1/2-in. plate spacing), with double
1/2-inch scund-deadening septum nalled to
the inner faces of the studs. FSTC = 42, 43, 42.

4. The wood-joist floors with concrete
toppings and resilient-channel-mounted gyp-
sum board cellings gave equivaiently high lab
and fleid airborne noise performance a?
(FISTC = 55 to 60, depanding on the specific
congtruction (and test environmant) as follows:
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Floor A. 2x 10 Jolsts, 16 Inches o.c. {(3-1/2-
in. glass fiber in cavity), with 1-1/2-inch
lightweight concrete over 5/8-Inch subfioor,
and 5/8-inch gypsum board mounted with
metal resilient channals: FSTC = 58, 58 (non-
absorptive floor covering); FSTC = 58, 80
(carpet and pad).

Floor B. Same as Floor A, minus |oist
cavity ahsorption: FSTC = 58 (nonabsorptive
floor cuvering).

§. Thefleld Impact nolse performance for
Floor A with carpet and pad was about IIC =
77, apparently simllar to lab data at IIC = 67,
92 depending on carpet and pad materials.

6. The approximate TL theories in com-
blnation with lab-fleld technologiee were highly
successful in explaining the performance and
correiation of double-panel wall and floor con-
structions under both lab and field conditions.
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APPENDIX: CALCULATION OF
TRANSMISSION LOSS FOR
DOUBLE-PANEL PARTITIONS

In this abbreviated summary of im-
provements in approximate TL theorles
developed by Sharp (32), several errors In the
original reference are corrected and some ad-
ditional comments are included in the foot-
notes.

The effectiveness of an alrborne sound
inelator can be quantifisad by obtalning the
transmission !oss, TL, in decibels (dB) as
aescribed in ASTM E 90 (5 for laboralory (ests

3 E 338 {4) for field tests. Experimentally, for
‘uge sound fields, the tranamission 10s8 I8
mally obtained from3

TL=T,-1, + 10109 .SA.Z (A1)

whe: -

L1 s average sound pressure level
in '~ source room (dB),

L2 is average sound pressure level
in tha recelving room (dB),

S Is area of test partition {#t2), and

Ao Is total absorption of the recelv-
ing room (fps Sabins).

The use of 4p In the nermalizing term 10 Jog
(S/A) is based on the assumption of a
reverberant and diifuse sound field. It is
usually obtained from

0.049v
Ay = __T_£ (A2)
2
where
V2 is volume of receiving room (ft3),
and

T2 is reverberation time of receiving
room (sec).

Equation (A1) provides the relationship
between the gross property of the panel (l.e.,

TL) and the observable acoustic quantities
(sound pressureslevel and absorption). We
must, however, turn to detalled descriptions of
the panel dynamics In order to provide a link
between panel physical properties and TL.

Single-Panel Design

There are several available presentations
for the TL of single-pansl designs {(e.g., 32,35).
The simpiest case is for homogenous singie-
panel or integral-type partitions which, if they
are “limp: cun be represented by: 8

~ wus 2
TL S 101og | 1+ (A3)
3.60c

SAll logarithms in this report ure 10 base 10.

SEquation (A3} is given diractly In reference (32), though
thin reference contains an error so that the dartvetion
{from reference (20) should have yieided,

2
Wi,
TLZ 1010y 1+(" \’

a.0pc

(Based on private communication with Ted Schultz
o! Bolt, Beranek, and Newman, Cambridge, Mass.)
Equation (A3) can be derived from (35)

2
wp
L & 101 1+ 3 -
og (ch)]s

but the two expresaions sre not qQuite equivalent
at low valuos opr..Tho form of equations (AJ) and
(Ad) is prefe. red for this anatysis. The full juetification
for this prefarence will be the gubject ol a future
report.




where
w I8 angular frequency, 2xf, where !
is the fraquency In cycies per
second (Hz),
pqs I8 mass of panel per unit area,
p I8 mass per unit volume of alr,
and
¢ I8 velocity of sound in alr.
Foruwpg>>2pcthe theoretical mass law can
be writien as:’

TL & 20 log wif - 33.5 (A4)

where

w I8 surtface weight of panel (ib/ﬁ’),
and

t is frequency (Hz).
For TL = 10-15 dB, equation (A3) !s
recomnended, as differences in values
between equations (A3) and (A4) can resull
through round-oft tc integer velues.

Equation {A4) Is known as the “fieid In-
cldence imp-waii mass iaw™” or more brisfly as
the rnaes law. In addition to noting that nelther
stiffness nor damping occurs (by assumption)
in equation (A4), doubling the frequency or the
pane! surface welght results in a 6-decibel In-
crease in TL. The mass of the panel interacting
with its stiffness will always result in a resonant
condition at some frequencies and can detract
from ita mass 'aw performance. An example of
this Is In the text (tig.2) where a “resonant-like”
condition known as the colncidence
phenomenon has significantly lowered the
transmission loss of 5/8-inch gypsum bosrd
above 1,600 Hz. There are severai mass-
stiftness conditions which are summarized
{f23) and elsewhere) and inciude the finite size
Of the panel (agpacially first panel resocnance),
coincldence phenomenon, bending-shear
wave crossover, and dllatational resonance.
The frequency reiationship of the coincidence
phenomenon and the bending-shear wave
crossover can be important to explaining the
TL response for thicker panels such as doors,
sandwich consiructions, and concrate con-
structions. The dilatational resonance Is likely
to be important for aendwich conatructions
with porous cores such as foams &nd
honeycombs. For the gypsum boe&rd facinga
used for the waiis and celling, the ™eass law of
equation (~4) will be adoauate f. the lower
frequencies (tex! fig. 2) with the colncldence
dip centering cn a frequency obtained from:
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Tt ¥ 10 log 1+(

SRR /Y (A7)
C 2 D
where

D is bending stiffness per unit width (Ib-
In2/in.)

This Is the normal expression for the pan-
el coincldencs frequency and has the follawing
physical meaning. Unllke compressional
sound waves In alr, which have a propagation
velocity independent of fraquency, the velocity
of bending waves Increases with increasing
fraguency. The critical frequency phengcmenon
occurs when the incldent airborne sound
energy has the same veliocity as the bending
waves: Energy transfer between the two types
of waves Is very etficient. The critica! frequen-
¢y, l., carresponds to the lowest frequency
where the wave speeds are squal end occurs
at lower angles of Incidence to the panel. As
the incident sound energy approeches normal
incidence, there I8 a projected velocity of the
incident sound enargy for which coincidence
occure. Thus tha colncidenca nhennmanan
occurs over a wide frequency range (text fig.
2) for 5/8-Inch gypsum board. The depth of the
coincidence dip is controlled by the internal

’Equltlon (Ad) lp the s&pproximate form of mass law
recommendud by Beranek (17) and I8 basad on nc
= u3.7 1ps rayis #nd the angle of Incidence of the
sound field Integrated over 0 to 78°. There have
been other mess law approximetions such ag that
of Cramer and Heckl (18) and Josse and Lamure
{28) which are based on an average angla of Incidence
= 00° (equivalent to Integration from 0-62°) and
give (uging pc = 88.0 fps rayls 88 specified In ASTM
O b3s (0)),

2
TL % 10 10g] 1 +(2’4,:.,’:_) ]:20Iogfw-34.ﬂ (A5)

Soma laboratories find that ¢ mags iaw based on
integration from 0-85° best fite their dete, and this
gives (pc = 86.0 tps rayls)

Whg

2
¥ 20 log tw - 358 (AB
4.4 pc ) 8 (A8)

While equation (AS) probably hzs & somewhat
stronger theoretical justification, it Is Iimporant
to use the mass law appropriate to the laboratory
or fleld data invoived, aapecisily if the double-panel
approximats theory I8 uesd.

ot B b = ne i,
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TRANSMISSION LOSS, d8

damping factor, n, of the panel. Methods for
pradicting the transmission loss-frequency
response In the coincldence frequency range
when n is known have been glven (32,35).

Double-Parnel Design

To provide quantification of the actual
doubie-panel TL response, recent Im-
provements in approximate theorles by Sharp
(32) tounded on the works 0. Cremar and
Heckl (15). London (27), and Vér and Molmer
(35} can be used. The approximations include
using infinite rather than tinite pare! theory,
neglecting studs or joists and assurming about
2 inches of cavity absorption ao that stud cavity
rescnances can be Iignored. Assumptions
regarding the angular distributigh of sound
energy at the pansl faces are also made.
Under thess conditions, the TL response of a
double-panel party wall can be divided Into
three frequency reglons by the masa-air-mass
cavity resonance, fp, and a limiting frequency,
f; (fig. A1). Then, for panels 1 and 2 (32},

2] 172 'I 1/2
3.6[‘0 - 320 1 . (AB)
aw’' dw _l

(=]
i

12 d8 PER
OCTAVE

/

MASS LAW
€ o8B PER OCTAVE

b 4
(LOG) FREQUENCY, HZ

where
d is pane! separation or cavity depth
(in.). and
2w1 W3

8 ——— wh
sw‘ FW, ere w, and w, are

w

the surface weights of the panels (Ib/ft2).
Equation (A8) is valid for a double-panel con-
struction where fg I8 well above the first panel
resonance. In a double-panel wall dasign, 7, is
normaily kept low by increasing d to prevent
the rapld TL rise above fo from limiting the
STC rating. The limiting frequency, f,, Is the
frequency where the wavelength becomes
comparable to the double-panel separation

and is given by (32)

f ¢
- 55 (A9)
The usual expreasion for f, (35) vaes
2pc2 rather than 3.6¢c2 as derlved by Sharp,
under the approximations already listed. The
use of 3.6 assures (fig. A1) that f, comes at the
inigraeciion of the 18 dB/octave ling with the

€dB/octave mass law line.8

Then under the assumptions already
listed:

TL = 20 log Wf - 33.5 l<fo (A10)

TL=TL +TL
12 (A11)
+ 20 log td - 680.6 f,<f<f,

TL= T, +TL,+86 t>1, (A12)

8" mass law expressions different from equation (A4)

are used. then corresponding adjustimonts In ¢, must
also be made.

For axumple, squation (AS) would require

2] 2 2
o =+ [i2C] .340| L
2x | dp, aw

Equation (A8} would requiie

Figure Ai.—General form of transmission
logs v8. frequency for a double panel, 2
showing the three frequency regions . 1 4.4pc2 \ 12
detined by f, and f;- o Ix a5, =360 -

(M 146 154)
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TRANSMISSION LOSS, &8

where
Wis the aum of panel surface
walghts, w  + w (Ib/ft2),
TLI Is transmission 10as of Panet 1,
which for a imp masa s
20 log wyt - 335,
is transmission loss of Panel 2,
whirh for a limp mass Is
20 .09 wp ! - 33.5, and
d Is panel separation or cavity
depth (in.).
t is frequency (Hz)

'I'L2

In summary for equations (A10), (A1),
and (A12): Below /,, the TL follows the mass
law (6 dB/octave) based on the total surface
weight of the panels; between /g and /,, the TL
is the sum of the separate panel T 's plus a
correction tor cavity thickness (18 db/octave);
above !, the TL is the sum of the sgparate pan-
el TL's fplus a constant (12dB/octave). The TL,
and TLz may also be obtained experimentally
for the separate leaves and then combined
through equations (A10). (A11), and (A12) to
predict the double-panal TL. An example of
ihis is {Iig. A2) for 5/8-Inch gypsum hoard nan.
els with a 4-Inch cavity cavity insulation, and
no studs. Good agreement exists between

01 vy yTyTTY ‘r—'—r'w—TT—r—r——‘*r—-r—l—-]
PREQICTED FROM FOQUATIONS

L (A10),(A 1) ANO (A 12] AND
MEASURED MLUES OF TL

60 r— -~ h

}. -
MASS

40 LAw ]

2 — —

S MEASURED VALUES

% / ¢ 1
¥ 1
oldau 10 o bl v ba by o daad
53 123 250 500 1000 000 4000 8000
FREQUENCY, NS

Figure A2.—Comparison of measured and
calculated transmission loss (TL) for
a double-panel wall using 5/8-Inch
gypsum board paneis 4 inches apart with
2 inches of absorption in the cavity
(32). Ses figure 2 In text.
(M 148 155)
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theory and experiment—even In the coin-
cidence region (the use of the coincidence
TL's may not always be valid). The disegree-
ment in figure A2 between experiment and
theory between 1,000 and 1,600 Hz may have
been perimater flanking, as it was necessary to
seal the perimeter of the construclion. Ag-
ditional examplas of double-pariel pradictions
are glven In the data analysis gsection. These
predictions are eftective up to about (V/2) 1,

Triple-Panel Design

For a triple-panel design, an approximate
theory similar to that for double-panc! walls
can be derived (52). For three panels w,, w,
{center), and w, with d, = geparation betwean
w; and wy, and dy = separation between w)
and wy. the TL response can again be divided
into three frequency ranges by mass-air-mass
cavity resonance, /. and a limiting frequency.
1; (fig. A3). For a triple-panel wall with absorp-
tion equivaient to at least 2 inches of fiberglass
batts in each cavity and no sound bridges:

18 4B PER
OCTAVE

TRIPLE PANEL

'S
FA

30 d8 PER N DOUBLE FPANEL

OCTAVE

MASS LAw

(LOG) FREQUENCY, HZ

Figure A3.—A comparison of the transmissicn
loss (TL) provided by double- and triple-
panel constructions of equal total mass
and overall thickness (32).

(M 148 156)
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TL = 20 log Wf - 335 1<y (A13)

TL= TL, +TLy+ TLy+ (20 l0gtd, - 60.6]
+ (20 log td, ~ 680.8] fty<i<! (A14)

TL = TL' + TL2 + TL3 + 12 |>1[ (A15)

where

Wis the sum of panel suriace

weights, wy + w, + wj (Ib/f12),
TLn is transmission loss of pane!

n, which for a limp mass is
20 log wpf - 33.5, and

d, is panel separation or cavity
depth for paneis 1 and 2 (In.)

The optimum contiguration for a triple-panei
design occurs when:

Under these conditions, the tundamental
resonance of the construction Is:

1z
¢ =1 | 386pc? (A16)
+ 2x ) dw

And the limiting frequency Is:
. C
= 7ra A7

The more general case for £, and f, has been
described (32).

in summary for the triple-pune! wall
equations (A13), (A14), and (A15): Below fy.
the TL follows the mass law (68 dB/octave)
based on the total surtace mass; between f+
and f;, the Ti. is the sum of the three separate
panel TL's pus a correction tor each of the
cavity thicknesses (30 dB/ortave), above /), the
TL Is the sum of the three separate panel TL's
plus a conatant (18 dB/uctave).

'n the TL response of double and triple
walls (fig. A3), the lower frequencies are of in-

terest where the triple panel psrforms more
poorly than a double panel up to about 4fa. Of
course, at 20 dB/octave for the triple panel a
TL crossover soon occurs and &t higher fre-
quencies the triple panel is clearly superior.
For typical double- and triple-panel party walt
construction, fo and /; are likely to fall below
125 Hz and the double-triple-pans! TL croas-
over above 125 Hz. When the STC rating
contour i& comparad with the 18 and 30
dB/octave response In this frequency range,
the STC rating 18 theoretically always controlied
by 8-point deficlencies at 125 Hz, uniess bridg-
Ing between the panels or tlanking affects the
higher frequencies. Thus, triple-panel walls
can have Jlower STC ratings than double-panel
walls of the same total surface welght In the
configurations typical of party walls. An exam-
ple of a triple wall using a 1/2-Inch sound-
deadening-board septum Is glven In the data
analysis.

Line and Point Conneactions

As a speclal case of a doubla-penel
dasign, an epproximate theory “or point and
line stud connections (15,35) as modified by
Sharp (32) is used. The approximate theory for
point and line bridging or connections Is Il-
lustrated (fig. A4) using mass law (limp) pan-
els; It may ba notad that the TL Increases at
6 dB/octave up 10 Ip and 18 dB/octave up to

Y/
MR LT ey

6 dB PER | — ¥ ~
OCTAVE- 5 1

A

TRANSMISSION LOSS, dB

b e ¢
1LOG) FREQUENCY, HMZ

Figure A4.—~The generat form of transmission
loas (TL) vs. frequency for a double panel
with sound bridges, showing the fre-
quency regions defined by 1, and fg (32).
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1g. as for double-panel theory. Above 'B' the
sound transmission Is controlled by tha point
{or line) connections, and tha TL increases at
6 dB’octave.

Because the bridged TL response Is paralle!
to the mass law line above /g . a convenient
way of expressing the TL I8 In terms of ATLyy,.
the increase in the TL over the inass law based
on total surface welght of the panels. For point
connections (to one panel only):

AYL wp = 20 log (efc) - 61, for W= W, (A18)

For line connections:

ATLwL=10 log (bf ) - 29, for w, = W,  (A19)

where

15 point lattics spacing (1),

is area sassociated with each

point connection,

b is line stud separation (ft), and

1. 18 critical frequency of panel
supported by point connections
or, In the case of line connec-
tions, the higher critical fre-
qQuency of the two.

When ATLW Is known, 'B can be calculated
from (32):

ATL
fg = 1o antilog i (A20)

For equation (A18), the panel with the
highest f¢c should be mounted on the side of
the stud with the point connections. (Sharp
noted experimentaliy that not much Is gained
by using point connections on both sides of
wood studs.) it must be recognized. however,
that equations (A18) and (A16) do not account
for the effects of colncidence In either of the
two panals. Thus the method of adding the
quantity ATLy, to obtain the overall transmis-
sion loss of the bridged double panel Is valld
only up to about (1/2)ic of the point-attached
panel.

3

The TL data for Wall B (25} exemplity a
resilient-point connecticn (fig. A5). This con-
struction counsists of 2 x 4 studs, 16 inches on
center (2-1/2-in. insulation In the study cavity)
with 5/B-inch type-X gypsum board (234
ib/ft2) mounted directly to one side of the
etuds and over resillent channeéls (applied
horizontally on 24-in. centers) on the other
side. First. it may be noted that the predicted
Increases over mass law of the combined pan-
els are close to experiment up 10 1,250 Hz.
Above this frequency the coincidence
phenomenon, which is not included in the
prediction, 'dominates. Second, the

T TTTT T T TT TT
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Figure A5.—Tranamission loss vs. frequency
data obtained in a laboratory for a single-
row-of-wood-stud (16 In. o0.c.) wall with
a 2-1/4-inch fiberglass absorption In the
stud cavities. The facings were 5/8-inch
gypsum board with one alde directly
attached and the other side over rasilient
channels. The goo! correspondence
between the data and approximate theory
indicate that the resilient channels
pertorm similar to, though a littlu better
than, point connections.
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“resilience” of the channels provides a smali
improvement over the rigid-point connections
on which the theory is based.

In summary, for the approximate TL
theory, a very usetul analytical tool has been
provided for explaining the TL for single-
panei, double-panel, triple-panel, and single-
row-of-stud partitions with point or line con-
nections. The theory can be applied using
theoretical mass law over the frequency range
tor which it apptlies to panels. The theory can
also be applied using the TL data obtained for
individual panels. In this case the theory may
work for TL data in the coincidence frequency
region, though this cannot be assumed in
general. The theory cannot only be uged to ex-
plain or make piausible existing partition TL
responses, but it can also be used to study TL
parameter interaction in wall and floor-celling
design.
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